Introduction
There is a paucity of information in the literature concerning the metabolic changes that occur in the endosperm, scutellum, and embryonic axis during the germination of corn. The work of Toole (20) constitutes a major exception, although this work was more concerned with morphological changes during germination than with changes in chemical constituents and metabolism. Although seed germination has been studied extensively (3, 13, 21) much of the work has been concerned with changes in the whole seed, which may obscure changes occurring in the embryo or embryonic parts. In other instances work has been conducted with an isolated organ or tissue, or has been concerned with a single constituent, or with a particular class of enzymes. In recent years major emphasis has been placed on the effect of light, inhibitors, or dormancy on germination.
This investigation was prompted by the lack of data on the time sequence of metabolic changes, an--the interrelationship of these changes in the en losperm, scutellum, and embryonic axis of germinating corn. Furthermore it was hoped that the results obtained would serve as a standard for further studies concernel with applied treatments. The changes in fresh and dry weight, nitrogen fractions, sugars, fats, and nucleic acids which occur in the endosperm, scutellum, and embryonic axis during a 5-day period of germination are presented. These changes are discussed in relation to the role of the endosperm and scutellum in supplying metabolic components to the developing embryo axis.
Materials and Methods
Uniform-sized seeds of a hybrid (WF9 X M14) corn (Zea mays L.) were soaked in deionized water for 4 hours and then planted (100 seeds per dish), embryo side down, on a double layer of paper towelling in a 3-quart Pyrex dish. Seedlings were removed at daily intervals and the embryo axis (root plus shoot), scutellum, and en losperm were separated by dissection for subsequent analysis. Duplicate samples of tissue were used for all the determinations, and the whole experiment was repeated.
The Determiiination of Fresh Weight, Dry Weight, Total Nitrogen, and Fats. Fresh weights were determined immediately after dissection and dry weights were obtained after drying the tissues at 650 for 24 hours.
The total nitrogen content of the dried material was determined by a standard Kjeldahl procelure (19) . The insoluble nitrogen (total nitrogen minus the alcohol-soluble nitrogen) has been expressed as protein using the X 6.25 conversion factor.
The fat content of the dried material was (letermined by petroleum-ether extraction (1).
The Determiiination of Soluble Nitrogen, Soluible Sugars, and Amtino Acids. A sample of the freshly dissected material was dropped into boiling 95 % ethanol, and after cooling, homogenized (OmniMixer, 2 min, full-speed) in the ethanol. The homogenate was cleared by centrifugation.
The soluble nitrogen content of the ethanol extract was determined as described for total nitrogen. After subtraction of the a-amino nitrogen from the soluble nitrogen, the remaining nitrogen has been multiplied by the 6.25 conversion factor and expressed as soluble protein.
The a-amino nitrogen content of the ethanol extract was determined by the method described by Yemm and Cocking (22) . This value has been expressed as amino acid content by using a X 8.9 conversion factor.
The soluble sugar content of the ethanol extract was determined by the anthrone color reaction (23) , using glucose as the standard.
The Determiination of Soluble Nucleotides and Nucleic Acids. Nucleotides and nucleic acids were determined essentially as described by Ingle (10). by centrifugation and the supernatant fluid wvas run onto a columnll (10 X 1 cm) of Dowex 1-X4 formate resin. The column was washecl with water, and then the nucleotides were elutecl in bulk with 70 ml of 4 N formic aci(I containing 0.8 MI ammonium formate. The soluble nucleotide content of the eluate was calculated using an arbitrary 260 mys millinmolar extinction coefficient of 14.
For the (letermination of RNA the residlue from acid precipitation was extracted 3 times with an ethanol-ether-chloroform mixture (2: 2: 1) and then hydrolyzed with 1.0 N KOH for 24 hours at 250. The resulting RNA mononucleotides were purifiecl by bulk elution fromi anion exchange resin (10) . with the ethanol-ether-chloroform mixture, and then further extracted with 5 perchloric acidl for 2 perio(ls of 20 minutes at 700. The DNA contenit of the extract was estimatecl by the diphenylamine procedure (10) . The RNA and DNA were sumlnmed to give the total nucleic acid content.
The soluble sugar, soluble protein, amlino acid, and nucleotide contents have been sunimed and expresse(l as the total soluble content of the material. The subtraction of this value from the dry weight has given the total insoluble content of the material.
Since other soluble constituents, undoubtedIly present, were not measured, the total soluble aind insoluble contents are estimates.
Experimental Results
Ch/nges in the Wl;hole Sccdliuig. The rapid uptake of water was the most obvious change associated witlh the initiation of germiniation. Although all parts of the seedling increased in water content over the periocd of study, the pattern and( extent of hydration varie(d (fig 1) . In the first 24 hours the water content of the seedling axis increased 131 % while the scutellum increased 24 % ( The apparent contribution of the scutellumii to the growth of the axis is negligible, basedl on the 5 % decrease in net weight (fig 4) . Althoughl the change in net weight was small, significant alterations of components occurred in this organ durilng the germination period. There wras a 13 % increase in total nitrogenous components, a 173 % increase in carbohydrate content and a 59 % decrease in fat content ( fig 5, 9, 12 (fig 9) . This reserve was progressively depleted over the 5-clay periocl without an associate(d accumiiulatioin of fat in the axis.
At the initiation of germlinatioin the level of nlucleic acidls anl nucle;ticles was extremely low in all parts of the seedling (fig 10, 11) . Since there was no reserve in the storage organs, the large increase of these components obserxecl in the axis during germination must represent cle nDvo synthesis. Inl the scutellum there was a sliglht increase in these comlponents that reaclhed a mlaximunm on the thir dacly an]d declined slowly during the next 2 clays. I n the enclospernm the nucleic acidl content progressively clecreased wlhile the nucleoticle conteint relmainie(d constant with germination.
Soluble carbohydrates constitutedl the miajor portion (50-75 c ) of the total soluble fraction of the seedling during the 5-clay periodl. Although the soluble carbolhy(drate conteint decrease l initially in both endlospernm and scutellunm (with minimla at 24 aln(d 48 hours respectively), there was no correspon(ding clecrease in these constituents in the axis (fig 12) . In fact there vas a continuous anid( progressive increase of soluble carbohydrates of the axis (from 12 to 30 % of the dry weight over the germination period). During the last 72 hours of the germiination perio(d the soluble carbohydrate content increased in all l)arts of the seedling.
Discussion
Germinationi is characterized by a rapid ul)take of water which facilitates the nmobilization of reserve material and the utilization of these reserves for axis growth. Although this initial uptake of water is a dlominant factor in the induction of germination, its mode of entry, and the sequence of events initiatedl by its entry, are difficult to dlefine (3, 13, 16, 17, 18, 21 ) . In the present work there was a rapidl uptake of water and a consistent decrease in dry weight of the axis in the first 23 hours. This loss in dry weight in(licatedl that an initial use of endogenous substrate by the axis preceded the transfer of reserve nmaterial froml the scutellum or endospernm. The fact that imbibition of water and the associated nmetabolic changes preceded cell divisioni xvas imlplie(d from the negligible amiount of nucleic acid formed during this initial perio J, and was confirmed by microscopic examination. The small elongation of the axis during this period has been shown to be due to cellular expansion rather than cell division (20) .
Subsequently axis growth commenced and was maintained at the expense of reserve materials transferred from the scutellum and the endosperm.
Although initial increases in scutellum fat were consistently observed, the results are questionable because of difficulty encountered in obtaining complete extraction of the tissue at the first sampling. The data obtained would suggest that scutellum fat was not utilized during the first 2 days, but shows that depletion was most rapid over the next 3 days. Since there was no parallel increase in fat content in the other organs, it may be concluded that the fat was either transformed to sugar (2) or served as respiratory substrate. The RQ values of less than 1 observed during germination of corn seeds (4) and barley (12) support the view that lipids were serving as respiratory substrate. However, the demonstration of a functioning gloxylate cycle in the scutellum from 5-day old corn seedlings (15) indicates that part of the storage fat of the seed may be converted to sugar during germination. The relatively slow and gradual utilization of the fat reserve over the germination period agree with the observations of Toole (20) and Malhotra (14) but contrast with those of Dure (4). Since only 2 mg of lipid material was lost from the whole seedling during the first 3 days of germination (fig 5) , the data do not support the contention of Dure (4) that early growth of the axis is dependent upon utilization of the scutellum lipid reserve. These same considerations would also apply to the initial and small loss of fats from the axis.
With the exception of fat, the net changes of other components of the scutellum were of minor magnitude. This is well illustrated by the dry weight data presented in figure 4 , which show the scutellum to have identical weights at initiation and termination of the experiment. However, these data provide no clue to the metabolic transformations, synthesis, and transport of material that occurred in this organ. The work of Dure (5) indicated that a-amylase, which represented 90 % of the total amylolytic activity, originated in the scutellum and then moved into the endosperm. James (11) suggested that the hexoses formed by hydrolysis in the endosperm are converted to sucrose in the scutellum prior to transport to the axis. Furthermore the enzymes necessary for this conversion have been observed in the scutellum (7).
Energy for synthesis and transport was available as this organ is a rich source of mitochondria (9) . The (6) . The measurements made did not permit any definite conclusions on the extent of hydrolysis of the protein or the kinds of nitrogenous components transported from the endosperm through the scutellum to the axis. The appearance of a small amount of free amino acids in the endosperm was in agreement with the work of Folkes and Yemm (8) , and suggest that the amino acids were transported to the axis at a rate approximately equal to the rate of hydrolytic release in the reserve organ. The site of amino acid interconversion was not established, but this may well be another function of the scutellum.
The minimal sugar content in all parts of the seedling at the 23-hour sampling indicate that carbohydrate hydrolysis is not initiated in this early phase. The hydrolytic breakdown of insoluble carbohydrates in the endosperm exceeded the rate of utilization by the scutellum and axis as sugar content increased in all parts of the seedling with time.
The endosperm is not considered t-be active in the elaboration of materials for the axis as all attempts to isolate active mitochondria or certain of the glycolytic enzymes from excised endosperms have been unsuccessful (unpublished data).
Summary
The changes of various chemical comiiponents.
nitrogen fractions, sugar, fat, and nucleic acid, in the embryo axis, scutellum, and endosperm of corn have been determined over a 5-day germination periol. Many changes in these chemical components were observed before any growth of the embryo axis occurrecl, indicating that these changes were associatedc with processes responsible for the resumption of growth. The growth of the axis was largely at the expense of the reserves of the endosperm. Extensive loss of protein and insoluble carbohydrates from the endosperm occurred over the 5-day period. Although the growth of the axis may have been partially maintained by the fat supply of the scutellum, there was also a concurrent utilization of carbohydrates as indicated by the changes in sugar constituents and dry weight. The fat content of the scutellum decreased after the second day with a concurrent increase in soluble carbohydrates and soluble nitrogenous components, although the scutellum dry weight remained relatively constant, throughout the experimental periocd.
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